Earlier studies with the random-bred Quackenbush mouse strain showed that human-type diets based on linoleic acid-enriched foodstuffs derived from ruminants fed protected polyunsaturated oils have no detrimental effects on growth, reproduction or longevity. Tumour incidence and time of onset of tumour development have now been studied in the inbred, tumour-prone mouse strain C3H, in addition to growth, reproduction and longevity. Mice were fed a polyunsaturated human diet, a conventional human diet, or mouse cubes.
Introduction
The nutritional evaluation of human diets based either on conventional foodstuffs of ruminant origin, such as beef, lamb, milk, butter and cheese, or on their linoleic acid-enriched counterparts derived from ruminants by the protected-lipid process (McDonald and Scott 1977) , has been described in a previous paper (Fogerty et al. 1979) . The diets were freeze-dried and fed to mice of the Quackenbush strain (QS) in three-generation reproduction and longevity studies. For this strain of mouse there were no differences in growth rate and longevity between the mice receiving linoleic acid-enriched human food, those receiving the conventional human food, and those receiving pelleted mouse food. However, the reproductive productivity of the mice on human diets was initially lower than that of the mice on pellets, but returned to the same level as the latter over the course of the study.
Concern has been expressed that a high intake of dietary polyunsaturated fat by humans may increase their risk of cancer (West and Redgrave 1974) . This concern was based in part on a report by Pearce and Dayton (1971) of a clinical trial of a plasma-cholesterol-lowering diet rich in polyunsaturated fatty acids. The incidence of fatal carcinomas was greater in subjects on the experimental diets than in control subjects, but at a barely significant level. Similar trials have failed to support this finding (Ederer et al. 1971) , and even the original authors had reservations about the observation (Dayton et al. 1977) .
Studies with rats and mice have suggested that animals on high fat diets are more prone to develop mammary tumours than animals on low fat diets (Tannenbaum and Silverstone 1959) . It has also been suggested that for a given fat intake, spontaneous tumours are more likely to develop in C3H mice eating a diet containing unsaturated fats than in those on a diet containing saturated fats (Harman 1971) . Ananda Rao and Abraham (1976) found that the growth of tumours implanted into C3H mice was greater in mice fed diets containing linoleic acid than in mice on diets containing no linoleic acid.
The possibility that polyunsaturated fatty acids might enhance the activity of primary carcinogens has also received considerable attention. Thus Carroll and Khor (1971) found that increased amounts of dietary fat and increased polyunsaturation of the fat increased the incidence of mammary tumours in rats treated with dimethylbenz(lX)anthracene. This report has recently been revised by Carroll and Hopkins (1978) who now suggest that while the amount and type of dietary fat is an important factor in mammary tumour growth in rats, the intake of polyunsaturated fat is not related to the incidence of tumours. Dayton et al. (1977) , using mutant (high-oleic) and normal safflower oil, have also shown that linoleic acid does not potentiate the effect of the carcinogen.
It was therefore decided to determine whether the two types of representative human diet used in the experiment with QS mice had any effect on the incidence of tumours in mice ofthe inbred strain C3H, which is a strain susceptible to spontaneous tumours, particularly of the mammary glands. The use of the freeze-dried diets afforded an opportunity to compare the effects on tumour incidence of two high-fat. human diets which were essentially identical in all respects except for the fatty acid composition. The diet based on conventional ruminant-derived foodstuffs contained about 2-3 % of linoleic acid in the fatty acids, while the fatty acids of the linoleic acid-enriched diet contained about 20 % of linoleic acid.
Tumonr incidence in several mouse strains is higher in females which have prQduced young than in virgin females (Lee 1970; Bruni and Montemurro 1971) . In the present study tumour incidence of the female mice was studied in relation to the number of young they had produced over the course of a 9-week reproductive period.
Milk-transmitted viruses are believed to be primary factors in the multifactorial etiology of spontaneous mammary tumour development in female mice (Nandi 1966) . Heston ~t al. (1950) and Heston and Parks (1975) examined the effects of two types of virus, designated MMTV and NIV respectively, in the genesis of mammary tumours in C3H mice. These viruses differed in the incidence of tumours which they induced (about 97% by the MMTV and about 38% by the NIV virus) and in the mean ages of appearance of the tumours (about 32 weeks for MMTV tumours and 80 weeks for NIV tumours). Tumour incidence and age of onset of the tumours caused by these viruses in breeding females were different from those in virgin females.
Materials and Methods

Experimental Animals and their Management
The C3H strain used in these experiments was obtained from the Jackson Laboratory (Bar Harbor, Maine, U.S.A.) in 1953. This strain was found to be homozygous for the Trf" locus rather than the more common Trf b locus (Watts et al. 1977) . Mice were housed under conditions of controlled temperature (21°C) and light cycle (14 h light, 10 h dark), with access to food and water at all times. In the course of the experiment an outbreak of the mite Ornithonyssus bacoti (Hirst) occurred. This was brought under control within a period of 12 weeks. The animals were free of external parasites before and after this period and it is unlikely that tumour incidence was affected by this episode (Heston 1975) .
Diets
Three test diets described previously (Fogerty et al. 1979) were used, namely conventional mouse cubes (diet N), or freeze-dried human diets based either on conventional foodstuffs of ruminant origin (diet C) or on their linoleic acid-enriched equivalents (diet P). Diet N was completely different from diets C and P, whereas diets C and P differed from each other in their fatty acid composition only. Thus, while a difference observed between mice on diet C and mice on diet P might reasonably be attributed to the differences in the dietary fatty acids, any differences between mice on the human diets C and P and those on the cubes N might be due to a variety of other factors (e.g. differences in proteins, carbohydrates, fibre content etc.) apart from fat content and composition.
Diets C and P of the formula 1 type (i.e. milk-based formula) were used during the first year of the study, by which time all of the matings had been completed. During the remainder of the trial the cheese-based formula (formula 2) diets C and P were used (Fogerty et al. 1979) . The fat contents of the formula 1 and formula 2 diets were approximately 27 and 23 % respectively on a dry weight basis, compared with about 5% fat in diet N.
Experimental Design
Litters from about 100 pairs of C3H mice receiving a diet of mouse pellets were weaned at about 4 weeks of age, and weanling females were allocated to one of the three test diets N, C or P (six females per cage). The body weights of these females were measured at this time and again at 10 weeks of age. At about 10 weeks of age the mice were paired to C3H males for 9 weeks. Records were kept of number of litters, pups born, pups weaned and the weights at weaning of both male and female offspring. The pups were discarded at weaning, and all of the male parent mice were discarded after the period of pairing. When the last litter born to a female reached weaning age, the female parent mouse was returned to her original group of six, which was thereafter maintained on the test diet. The cages were examined two to three times per week for dead mice or for the appearance of tumours on the mice, and the date of first observation of each tumour was recorded. When a tumour had grown to about 1 cm in diameter the mouse was killed. The tumour was fixed in formol saline, and an autopsy was performed on the mouse. Any secondary tumours located were preserved, and any other abnormalities noted. A few tumours collected early in the experiment were examined by Dr S. W. McCarthy and found to be adenocarcinomas or adenoacanthomas.
Differences in mammary tumour incidence between breeding female mice and virgin females observed by Lee (1970) and by Bruni and Montemurro (1971) suggested that the reproductive history of the breeding females might also influence their susceptibility to tumour growth. Accordingly, comparisons of tumour incidence were made between the mice which produced no litters, those which produced litters which survived beyond weaning, and those mice which produced litters but with none of those litters surviving to the weaning stage.
Statistical Analysis
The statistical methods described previously (Fogerty et al. 1979) were used to evaluate the data relating to reproductive productivity and longevity.
The tumour incidence data were formed into a contingency table classified ·by diet, history of raising litters, and presence or absence of tumours. A log-linear model was assumed (Bishop et al. 1975) , and maximum Iik61ihood estimates obtained using iterative weighted least squares (Neider and Wedderburn 1972) . Pamela R. Pennycuik et at.
The longevity data for mice without tumours were classified by diet. Within each group, the data were broken up into 5-week age intervals, with the mortality rate calculated as the number dying within a given interval divided by the number alive at the beginning of that interval. These rates were assumed to be independent values from a binomial distribution. A generalized linear model (Neider and Wedderburn 1972) was fitted, using the complementary log log as the link function (Mather 1949) .
Results
Growth Rate
When the females were allotted to the three dietary groups at weaning their mean weights were essentially the same (Table 1) . By 10 weeks of age the animals on the C diet were about 2 g heavier than those eating the Nand P diets (P < 0'001). However, this effect of the C diet was not seen in the offspring of these females, for pups born to mothers eating the P diet were significantly heavier at 3 weeks than those of females eating the C and N diets. It is unlikely, therefore, that the P diet had any detrimental effect on growth relative to the C diet, or that the human diets were inferior to the N diet. 
Reproductive Productivity
Although the overall productivities of the animals eating the N, C and P diets wete very similar (Table 2) two of the components of these productivities exhibited differences; the number of litters per pair was smaller in the N group than in the C and P groups but nestling mortality was greater in the groups eating diets C and P than in the group eating diet N. Both these differences reached significance [number oflitters per fertile mating, P < 0'01; percentage mortality (transformed), P < 0'01].
Although the mortality among the pups born to mothers eating the human diets was greater than that of pups born to mothers eating the N diet, no animals with neurological disturbances were observed, whereas in a concurrent study using the Quackenbush strain of mice a small number of nestlings exhibited signs of such disturbances (Fogerty et al. 1979 ). Table 3 shows the tumour incidence, and the mean age at which the first tumour appeared, for mice on the three diets. In each group, the animals were subdivided into those which produced no litters, those which produced litters but failed to rear them, and those which reared one or more litters. The analysis of the tumour incidence Table 2 . Total reproductive productivity, together with the components of total productivity, of C3H mice fed mouse cubes (N), control human diet (C), or polyunsaturated human diet (P) A Matings in which the male survived for at least 9 weeks after the mice were paired, and in which the female survived for at least 15 weeks. B Includes litters, born to obviously pregnant females, which disappeared in toto before the cages were examined for newborn litters. [There were 21, 14 and 13 in the N, C and P groups respectively.] C Mean of all litters in which some young were found. Litters which disappeared in toto were excluded. D This value includes the infertile pairs.
Incidence of Tumours
data showed that neither diet nor reproductive history had a significant effect on the number of tumours formed. There were no significant differences between the three dietary groups in the age at which the first tumour appeared. Table 3 . Tumour incidence and mean age at which first tumour appeared in C3H mice eating the N, C or P diets In each group animals were subdivided into those which produced no litters, those which produced litters but failed to rear them, and those which reared one or more litters 
Longevity
Examination of the longevity data for mice eating the N, C and P diets which died from causes other than the development of mammary tumours showed that the mice eating the C diet tended to survive better than the mice eating the other two diets up to about 60 weeks; it also showed that the mice on the N diet died at a fairly even rate over the entire age range, whereas mice on the human diets started dying at a faster rate at about the age of 60 weeks. When these data were converted to mortality rates and a generalized linear model fitted both the diet term and the age x diet term were found to be significant (diet, P < o· 01; age x diet, P < 0·001).
Thus, in this mouse strain, unlike the Quackenbush strain, feeding the C diet had a favourable effect on life-span relative to the P diet. This may have been due, in part, to the better growth rate of the mice on the C diet in the 6-week post-weaning period (Table 1) .
Mice with tumours were killed when the tumour reached about 1 cm in diameter. Because age at the time of tumour development was similar in the three dietary groups (Table 3) , life-spans of animals dying from this cause would probably have been very similar in mice eating the N, C and P diets.
Discussion
Our previous study (Fogerty et al. 1979) showed that a human-type diet, containing linoleic acid-enriched foodstuffs derived from ruminants, neither impaired nor improved . the. growth rate, reproductive productivity or longevity of QS mice relative to those of control mice fed a similar diet containing conventional ruminant products. These parameters have now been measured in the inbred, tumour-prone mouse strain C3H, using two similar human diets and the mouse cube diet. The growth rate and reproductive productivity of C3H mice on the linoleic acid-enriched diet were similar to those of mice eating the conventional human diet, but the mice on the latter diet survived better to about 60 weeks of age, after which the mortality rates of the mice on the two human diets were similar. The mouse cube diet N, on the other hand, improved survivals of pre-weanling animals.
In the present study the tumour incidence of our C3H mice was about 40 % and the mean age at which tumours appeared was about 80 weeks. These values are in agreement with those reported for NIV virus-induced tumours by Heston et al. (1950) for C3H mice (38 % incidence, mean age of appearance about 80 weeks), and in contrast with the values for MMTV virus reported by the same workers (about 97 % incidence and 32 weeks for age of appearance).
Our inability to demonstrate a difference in the incidence of tumours or in the ages of onset of the tumours, between mice which had reared litters and those which had not, may have been because the tumours we were finding were caused by NIV virus rather than by MMTV virus. Differences in tumour incidence and age of onset between virgin and parous females were demonstrated by Bruni and Montemurro (1971) in F 1 offspring of a C3HjHeJ x DBA/2J cross. The breeding animals in their experiment showed a tumour incidence of approximately 90 % at a mean age of between 32 and 35 weeks, suggesting that the causative agent was MMTV virus. However, a second factor to be considered is that Bruni and Montemurro (1971) compared breeding and virgin females, while in our study only mated females were used and sub-groupings were on the basis of their litter-raising history. Thus direct comparisons between their study and ours cannot be made.
Our results show that, with the causative agent responsible for tumours in our mice, the linoleic acid-enriched diet did not increase tumour incidence and did not cause earlier onset of tumours. The results also suggest that the high fat content of the human diets did not increase the incidence of tumours relative to that observed in mice eating the mouse cube diet.
